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Abstract
 .  .The levels of two trehalose hydrolysing enzymes, acid trehalase AT and neutral trehalase NT , have been investigated
in Candida utilis at different stages of growth; in complete contrast to Saccharomyces cere˝isiae, significant AT activity
appears to be absent at all stages of growth studied in C. utilis. In addition, presence of only very low amounts of
 .iso-aspartyl methyl transferase IMT activity at the onset of stationary phase and lower survival ability in early stationary
 .phase in contrast to that of S. cere˝isiae lend support to the ideas that a lower degree of survival of C. utilis in the
stationary phase may be a direct consequence of inability to mobilise stored trehalose due to absence of intracellular AT and
 .reduced levels of IMT activities and b trehalose may have a dual role vis-a-vis stress resistance in yeasts. q 1998 Elsevier`
Science B.V.
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The nonreducing sugar disaccharide trehalose a-
.D-glucopyranosyl-1,1-a-D-glycopyranoside has a
widespread occurrence in nature ranging from bacte-
w xria to plants to mammals 1 . In recent years, much
attention has been drawn to a possible function of
trehalose as a stress protectant and many papers
documenting the impressive and specific protective
effect of trehalose against stress treatments of biolog-
w xical structures in vitro have been published 2,3 . In
the yeast S. cere˝isiae a strong correlation between
trehalose content and stress resistance has been
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demonstrated in different strains, in a variety of
growth conditions and in mutants affected in the
w xRAS-adenylate cyclase pathway 4 . Accumulation of
trehalose begins at diauxic shift during growth of S.
cere˝isiae, continues till entering stationary phase
and degradation of trehalose starts once cells have
w xentered stationary phase 5 . The enzyme responsible
for trehalose hydrolysis, trehalase a ,a-trehalose 1-
.D-glucohydrolase, EC 3.2.1.28 exists in two forms: a
 .nonregulatory vacuolar acid trehalase AT and a
 . w xregulatory cytosolic neutral trehalase NT 6,7 .
While NT has been shown to be responsible for the
mobilisation of stored trehalose during recovery from
w xheat stress 8 , role of AT is not clearly understood.
Recently AT has been shown to be responsible for
the growth of S. cere˝isiae utilising trehalose as a
w xsole source of carbon 7 and has been found to be
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w xderepressed in stationary phase cells 9 . Trehalose
hydrolysis by AT into glucose during stationary phase
may be one of the adaptive mechanisms which enable
cells to survive longer in a spent medium. In this
report we have used C. utilis in which, unlike in S.
cere˝isiae, we have not been able to detect any
significant AT activity during growth and we have
used this advantage to answer the role of AT and
IMT in the long term stationary phase survival of
yeasts.
The diploid strain of S. cere˝isiae used in the
w xpresent studies has been described before 9,10 . The
C. utilis strain has been obtained from National
Chemical Laboratories, Pune, India Cat. no. NCIM
.Y500 . Both C. utilis and S. cere˝isiae have been
grown in liquid YPD medium at 308C containing
 .0.5% yeast extract Difco , 1% soyapeptone, 2%
glucose with vigorous shaking on a rotary shaker. For
growth experiments on semi-solid medium, the YPD
 .medium has contained 2% agar Difco . Cells have
been grown and harvested at intervals. All enzyme
assays have been done with suitable individual sam-
ple blanks. AT and NT activities have been measured
w xas described earlier 9,10 . Glucose liberated enzy-
matically has been determined by measuring the free
w xreducing groups released 11,12 . IMT assay has been
w xdone as described before 10,13 . Intracellular com-
pounds have been extracted by using perchloric acid
and determination of glucose, and AdoMet have been
w xdone as described earlier 9,14 . Protein estimation
w xhas been done by the method of Lowry et al. 15
 .using BSA Pierce as the standard.
The yeast C. utilis is asporogenous, does not
require vitamin supplementation in the medium as it
synthesises its own from sugars and nutrients and can
grow on a wide range of cheap carbon sources; as
w xsuch it is a very versatile organism 16 . The role of
storage carbohydrates in C. utilis is poorly studied
w x16 . We have studied the trehalase profile of this
yeast. Fig. 1 shows the activity of AT and NT in the
soluble sup of C. utilis at different stages of growth.
It shows that while a strong activity for NT is clearly
detectable in the rapidly multiplying phase of growth,
a very low level AT activity appears to be present at
early stage of growth. However, in contrast to S.
cere˝isiae where a very strong AT activity has been
w xreported 9 at the late diauxicrearly stationary phase,
no such significant activity has been detected in any
 .Fig. 1. Profiles of biomass accumulation -v-v- , acid trehalase
 .  .
-‘-‘- and neutral trehalase -^-^- activities during differ-
ent stages of growth of C. utilis in YPD medium. The Y-axis
value at each time point is the average of two experiments.
stage of growth in C. utilis. Possibility is also there
that the AT activity partially coinciding with the peak
NT activity, may be due to some contaminating NT
activity.
w xBiswas and Ghosh 9 have suggested that IMT
catalysed carboxyl methylation of AT resulted in
increased AT activity in S. cere˝isiae. Since we have
not been able to detect any significant AT activity in
C. utilis at any stage of growth, it has been necessary
to determine the possibilities that might give rise to
 .such conditions. S-Adenosyl-L-methionine AdoMet
is a universal methyl group donor and is present
ubiquitously in all forms of organisms. If the level of
AdoMet at the early stationary phase is low or inade-
quate, that may indicate the possibility of inefficient
AT methylation which in turn can lead to absence of
detectable AT activity in case of C. utilis. Our results
 .data not shown in C. utilis clearly demonstrates that
AdoMet starts with relatively low abundance in the
early phase of growth and its concentration increases
to a peak just at the late diauxicrearly stationary
phase boundary of growth. This is in contrast with S.
cere˝isiae, where it has been shown previously that
 .the a AdoMet concentration is several fold higher in
 .the early grown cells and b its concentration de-
creases steadily with the passage of growth with a
sharp drop around the entry point into stationary
w xstage 9 . Thus C. utilis accumulates about 100 fold
higher concentration of AdoMet, compared to that of
S. cere˝isiae, another notable difference, at the onset
of stationary phase; after this, AdoMet concentration
appears to maintain a generally steady level with
slight decline in very late stationary phase. These
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 .findings data not shown appear to indicate that the
apparent lack of AT activity is not at least due to
inadequate level of AdoMet.
The IMT activity of C. utilis at different stages of
 .growth has been determined data not shown with S.
cere˝isiae stationary phase cell extracts as positive
control. IMT, the sequence of which is highly con-
served with a 31% identity between human and E.
coli enzymes, has been shown to be responsible for
the repair of structurally altered or damaged proteins
which may arise out of inactivation of catalytic
domains of proteins due to deamidation, isomerisa-
.tion and iso-aspartate formation and may be directly
w x w xrelated to aging 17–19 . Li and Clarke 20 have
shown that mutants of E. coli defective in the IMT
gene function do not survive well when grown for
prolonged time in stationary phase culture or upon
heat challenge at 558C providing genetic evidence for
a role of the L-iso-aspartyl methyl transferase in the
repairing of altered proteins that can accumulate in
aging cells and limit their viability. S. cere˝isiae has
exhibited distinct IMT activity which is particularly
w xstrong at the stationary phase, as reported before 9 .
In contrast, our present findings indicate that C. utilis
seems to have only about 16% or less of the methyl
 .transferase activity data not shown exhibited by S.
cere˝isiae at the corresponding phases.
Methylation of AT by the use of the enzyme IMT
at late log phase of growth may be crucial for AT
activity in the stationary phase cells of S. cere˝isiae
w x9 . Since compared to S. cere˝isiae, in C. utilis we
are unable to detect significant AT activity at late
diauxicrearly stationary stage of growth and IMT
activity appears to be much less and specially in view
w xof the finding of Li and Clark 20 in E. coli, it has
been necessary to check the survival pattern of C.
utilis in the stationary phase. Fig. 2 shows the long
term stationary phase survival pattern of S. cere˝isiae
and C. utilis. While S. cere˝isiae appears to maintain
a fairly constant level of survival at about 90%, the
C. utilis survival rate has declined to less than 60% in
early stationary phase; but after that it maintained a
steady level through late stationary phase.
 .Our results point to several facts: a C. utilis can
be used as a model to understand the role of trehalose
and trehalases as this organism does not seem to have
 .significant levels of acid trehalase enzyme; b in the
light of the findings that in E. coli, IMT catalysed
Fig. 2. Comparison of long term stationary phase survival of C.
 .  .utilis -^-^- and S. cere˝isiae -‘-‘- in YPD medium.
Percentage survival has been calculated with respect to survival
frequencies of cells just before stationary phase which has been
taken as 100%. The Y-axis value at each time point is the average
of two experiments.
methylation is responsible for stress resistance, pre-
sent findings assumes importance as a very reduced
level of IMT appears to lead to poor survival of C.
utilis in early stationary phase, just as has been
w xshown in case of E. coli 20 . Whether this reduced
survival ability is actually due to the inability to
break down trehalose by the use of enzyme AT since
in the absence of adequate IMT activity as has been
shown in this report, the intracellular AT may remain
.largely unmethylated and therefore, less active is not
known at present but is a distinct possibility. At late
stationary phase C. utilis cells appear to become
more adaptive to environmental stress as survival rate
seems to reach a plateau. This observation of adap-
tive capability to stress in C. utilis has also been
w xdemonstrated by Arguelles 21 who has found that
exponentially growing C. albicans, a closely related
species, is extremely sensitive to severe heat shock
 .treatments 52.58C for 5 min ; but if the culture is
 .subjected to a mild temperature preincubation 428C ,
they become thermotolerant and display higher resis-
w xtance to further heat stress. Arguelles 21 has found
that although the levels of trehalose in exponentially
growing C. albicans cells are low, it underwent a
marked increase upon nonlethal heat exposure. In our
studies, although the lower survival at early station-
ary phase may be due to inability to breakdown
trehalose because of lack of IMTrAT activity, the
very same unutilised trehalose on accumulation up to
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a threshold level, appears to rescue the cells by acting
as stress protectant at later stages of stationary phase
just like in S. cere˝isiae. Correlation between treha-
lase inhibition and consequent trehalose accumulation
as well as stress protection has been shown in several
w xorganisms, e.g., Kim et al. 22 have shown that
 .deletion of AT gene ATH1 in S. cere˝isiae leads to
accumulation of trehalose with an increase in the
tolerance levels of dehydration, freezing, toxic levels
w xof ethanol, etc.; Goddijn et al. 23 have shown that
inhibition of trehalase activity enhances trehalose
accumulation in transgenic plants. From the facts
cited above, in yeasts, trehalose seems to offer pro-
tection at dual levels: at the early stationary stage it
probably acts as a source of carbon for growth through
AT-mediated degradation as in case of S. cere˝isiae;
and at late stationary stages, as in the case of C.
utilis, when due to its nonutilisation there is an
accumulation of trehalose up to a threshold level, it
acts as a stress protectant and confers better survival
ability. More studies are needed to unravel these
interesting possibilities using C. utilis as a model
because it lacks significant AT activity and seems to
possess a much reduced level of IMT activity, both of
which appear to play important roles in trehalose
metabolism and stationary phase survival in yeasts.
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